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C57) Abstuct 

A consumable fusion t>loc]c for toing qpUcal ^bers includes doa-conducting sutetialt with At Icafft inio flat sui&oe. A pair of 
elflctzodes oveilay the flat nn£M!c of I2t6 soibstrale and are spaced apart on either $ld& of a passUne su^ that «ach dectzcda tip end i£ 
adjaocDT the pa&^e. A space between tbe eiccoodd tips defines an aiC rccion which can be covered to fonn a seml-enclQsed arc legiorL 
A mediod » also provided for manuLictaring a pbinlity of .fti^ion blocks from a single slab of DOn-COnductinK niaterl^ by ovcfl^i^g the 
itod<ozkductii3i£ itiaterial with a leagth of eonductiii^ nuieaaL bondih; tha conducting tnateiial to the non-conducting matexial* and cutting 
the sUb iflto smaller fusion blocks. 
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FUSION SHJONG BLOCK 
Hgld pfthclrryentiw 

TUa invention relates generally to a fimon element and more particular^ to a 
5 cooBUinaUeblodc£br use in spUdilg optical fi^^ 

Crpgs Referencejs to B,elaiedApp« cations 
TUs appttcBtion 15 a coatinuation-siiii^ 

08/266,205, filed June 27, 1994 entiQed METHOD AND AFPABATUS FOR 
10 CONTROLLING IHE CONTACT OF OPTICAL FIBERS, the teacUi^s of which 
are wholly incoiporatedherinn by refet«nc& This application is also rdated to co- 
pending application entitled TOOL FOR FUSING OPTICAL FIBERS, filed 
ooocunem^ herewith In the tiame of the instant q>plicanta, tiie teachings of wMch are 
also wholly iikccnpOFsted heron by refemcc 

15 

-Bacfcyrflund nf the Tnvmtion 

FuaonapEdog devices have been weU known for some tinie and maziy of 
tiiese devices are commercially acvailabte. One such de>nce is described by ^ 
iq)p!icant in U. S patent 5,002,351 issued March 25, 1991 otitled Splicer fbr Optical 

20 Fibers. This and other sanSar dewes are eqwpped with costly^ pe 

electrodes capable of withstanding many repeated uses. The teachings of tUs patent 
and the foUowii^ related art are iocorporBted herein by rdTerence where qipHcabk. 

Another such device is described io U.S. patent 5,146,527 in the name of 
MaOinson issued September 8, 1992. MalEnson's fiision splicer is designed to receive 

25 a consumable fenule, having a bore through a central longitudinal axis^ fbr 

accommodating two fiber ends for fiision within. A slot is formed in the lenule into 
i^diich pennanent electrodes are temporarily inserted for fiiang optical fibers 
positioned within the bore . Although the devices described in both of these patents 
appear to adequately petfonn their intended fimction, it is an object of this invention 

30 to provide a fiision block, having electrodes that are integral with the block and that 
are ine9q>easive and are designed to be used one or more times. Such a block should 
provide a dean fusion cavity in which fiision may take place. After fiision takes 
place;, the blockpr^rably remains with the spaced fixsed fibers. 



PA(X6/4rR(»/DAT12l20/20051:48:19PM [Eastern standard 



DEC. 20. 2005- 2:39PM CCSLEGAL- 



NO. 402 P. 7 



WQ MS/Q5S26 PCT/CA9MHM74 * 

sotifoe^aportkminofthe electrodes overtying the guhata ntiAlly flfft ff»rftce ^ f 
nao-conducting substrste and spaced apart on cither side of thepassline sudi that 
each dectrode tip end is adjacem the passlme^ 
deBniiig an arc r^on, 

& Li accordance with die invention, there is further prided, a consumable 

fiuion block conqTiini^ of a non-conductizig substrate^ the su^ 
outer coated portions of conducting material fi:^itialdng contact wi^ a voltage source 
and having two planar conducttng electrodes overlaying a layer of the substrate, said 
conducting electrodes being dectrically isolated from each other and each dectiode 

10 beti^ekctticBlly connected to one ofthe outer coated porttona. The use of planar 
technology, reduces the cost of producing each fiision blodc. 

Advantageously, provulii^ a fiiaon Uock that has a flat non-conducting 
suffice and overlaying an electrode layer, or altenativ^ a length of conducting 
dectrode material, either by platnyg, printing, bondhig, or casting, allows an anay of 

15 fiisionblodes to be manufkctured titnultaneously, at alow cost» later to be cut into 
indivxdual fiision blocks* 

BRIEF KBSCRIPTTQW ffl THRPRAWMT^ 
Exemiilaiy embodments of tUs inventkan will be described in conjunction 
20 with the Mowing draMngs in which: 

1 is a Gross aeetiond view of a prior art connector deeve: 
Fig. 2a is an oblique view of the preferred fbsion Uock embodiment haviiQ 
dectrodes overlying and bdng bonded to an alumina substrate; 

Fig, 2b is an oblique view of a fiidon bkick mduding electrodes ahown in 
25 dotted outhne and bavu^ a l^er of ahnnina over top of the electrodes; 

Fig. 3a is an devationd view of a sheet of patterned copper ibr use in mass 
production of an army of &sIon blocks; 

Fig. 3b is an oblique view of a &sion block mdudii^ dectrodes made fiom 
the patterned copper sheet of F^. 3a overlaying a layer of non conductiqg ceramic 
30 material; 

Fig. 4 is an oblique view shown partly in aoas section and partly in dotted 
outline of a fusion block assembly; 

3 
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F^. 5a id an d>&quc view of an alternative preferred enibodinienl of afiision 
block assembly fonned of two Uocksctfim^ottduct^ 

eleorode layer and plated bands liniqg through holes that contaec conducting contact 
pads; 

F|g. 5b is a top view of the copper electtt?des^ plated baneltliroug^holes» ad 
copper pods shown in dotted outGne of the fiision block assembly of Fig. 5a; 

Fig. 5c is a top view of m airay of fusion blocks prioit to cuttmg tliem into 
indi^ual blocks; 

F^g. 5d is an oUique view of an alternative preferred eoibodimeitt of a fiisioD 
block assetolidy finmed of a single block of no^ 

dectrodd layer and plated barrels lining through holes that contact conducting contact 
Dads! 

6 is an oUque view of an akeniative embodiment of a fusion 
having electrodes ftnned over a non-conducting substrate; 

Fig. ?a is a cross seoiond view of a copper dectzxide tv shown surrounded by 
q»xy sandvddied between an iqq>er and a lower ceramic Is^ 

Fig. 7b is a cfoss sectional view of a coiqier dectrode tq> shown sandwid^ 
between an upper and a lower ccrainio layer and bonded to the low^ 
and. 

Figs. 8a and 8b are top views of alleniate dectrode atrangements poutioned 
adjacent an opticd fiber passKne. 



Detailed DeficripriQn ofihm J^^np 
Refbiii^ to Fig. 1, a prior art comiector as described tn U.S. pat No. 
4^98,974 is shown including an annular ferrxde 10 that has an interior splice chamber 
12, a first bore 14 leading fiom the q^Iice chamber 12 to an exterior point or &ce 16 
of the ftnule and a second exterior point 20 of the fctiule: The connector inchides a 
pair of <fi«netrically opposed metal electrodes 22 and 24 that are pennanetitly 
mounted in the fenule during factory &brication. They include inwardly extcndbig 
tips 26 and 28, respeaivdy, which form an arc gap 30 within the splice chamber 12. 

It has been finmd that inserting «fiscrete components such as metal dectrodes 

4 

^0«.*' • ■ •' 
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22 and 24 is a costly efi&krt and therefore not a pnBurtd method of ftbricadon vid 
assembly. These smaU cozxQ>aneitts nxust be handled individual 
kept dean during the entire process. As Trail, the cylicdricai shape of the fenule does 
not lend itsdf to mass production of the arc fusion blocks having electrodes inserted 
5 therein. 

Referring now to Iig. 2a, a fusion block 200 is shown compiling a 
iKniconduc^gsiibstrateQfaniatefialsuchasalumiiia. A pair of conducting 
electrodes 215 overlies and is preferably bonded to a flat sur&ce of the substrate on 
eidier side ofa pass line defined a V-groove 210. The V-grD0vB210servesasa 
10 guide for guiding and aligtugtvrofibei3 to be fi^ Fig. 2b is similar 

to that of 2a and indudes a top layer of alumina 220 wveiiis and s 
dectrodes. Bxpeximeiital results have shown that a more con^ 
during fiision^ih a top layer covering fhe ahmnna 220. 

By using a substrate 206 having aflat or nearly flat upper sucftce; scripa or 
15 sheets ofcopper can be oved^ and bonded 10 one or mora larger sheets of substrate 
material to ptovide an anay of bloeks, thm can be sqwated 
bbcks. By way of examide, Fig, 3a is iDustiative of a copper 
sheet of copper 300. Sbular copper pattenAs can be fiMinedb^ 
Vydlesianqni^. lUs pattern siieet 300 is bonded to a non-conducting substrate 
20 layer, and is later cut into individual fiisionblbeka. Adottedline305inl|g.3a 

shows flteoutfineofapattminsedfbr one &5hion block shown in pig. 3b. Atraidi 
or V*groove 310 defining a passline and a guide to the opScA flbers to be fused. 

indicated by a dotted fine in Fig, 3b, can be cut iiieo the bbck to 
360. 

2 5 Re&rring now to Fig. 4, an alternative fusion block is shown in two sections 

that during assembly are bonded together. A bottom section comprises a ceramic 
V-block 400 with a wide channel 410 cut through a central n^on'fbr accommodatiiv 
a mnM layer top section 440 to be gbted therein. The multilayer top section 440 is 
comprised of a bottom layer 442 of BeO or ahmnna that serves as a heat cfissipation 

30 l^er. A pair ofekctrodes 445 Ue over the bottom layer and are hiitiaUy deposited as 
a single copper strip. The copper strip is severed into the pair of electrodes 445 when 
die notch 460 is cut into the multi layer top section 440. After the top and bottom 
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sections 40« and 440 are jdiwd togetbai the notch 4tf0 selves as M 
vrfudi a fiia'on arc is fonned when a suitable voltage is applied across ttie electrodes 
44S. A top layer ofBorodlicate glass 447 is bonded to the electrodes and to the 
bottom aliioiinalqrer. A tfao^iflientvrindow may be pwvidedftr viewing the fi^ 
5 to be fiised together. Ibe top 447 in^ also be a Uo«rofaluinina adjacent to the 
dectrodeSi for enhanced heat (fissipation and a top layer of ^aas pn»vidcd to T^ain 
tnmspaiwicy. By cutting a laigcrbkickofsubstratematetial into an array of top 

secticas 4IN) or botiDin seciitms 440» they can be fibricated in laige quandties at the 
same time. 

10 Ka&nii«iiow to P|gs. 5a and Sb. an alternate pieftmdendM>diB^ 

shown. For the poiposesofilhistiBtiDtt and ofassembly, the fii^blo^b shown as 
an upper block 500 and a lower block 550 ^ ai« to be bonded together. 
Advantageously^ this embodbnent provides dectrode contsa pads 5ti3 (one of which 

is drawn) on an ondecdde of flie k>wer hlo^ 550 that have a hige suifice area fin- 
is making dectricd contact with a voltage Bouree. 

The lower base bk)Gk SS5, is oonvrised of a thidc lower slab 551 of suitaUe 
non-conducting, heat disaipathiginaterid audi as afanrina, A planar copper l^«r 552 
is bonded by wqrofbeiqgdqiodted or ghied to flie top oftiie lower base bbdc 550. 
An upper %er of alimuna 554 covers tiie copper 1^ 5SZ fi»nung a coppa- 

20 sBndwidibetvroenlagreR<tf'ahumna5Sland554. An a»Ml groove 555 is cut into the 
baaebbdc 550 throng GfQ)per layer 55Z thereby finming two dectrode tq»5Sfi 
(oneofwfaidiiSBhown). AponiottofthedectrDdebody 558 fins out and makes 
contact with a copper eonaactbig track S50» however, an doqgate dectrode bo4y 
could be used m place oftfienjore triangular one shown. A copper plated band 

25 lidng a titfough bote 561 finma an dectricd path between the eopperoonaeetii^ 
track 550 and a copper contact layer that ftnns Ae contaa pad SC3 disposed at an 
ad on the bottom ofthe base block 550. Hie stnieture is symmetncd and die other 
dectrode (not showi\) niakes dectricd contact via a copper plated baixd Ihnqg 8 
through hole ^th a contact pad disposed at the odier end of the block. 

30 upper block 500 is con^iisedofasUb or Mock of ahnnina or Hke 

materid and is shown with a section cut out ofaskle of its mid-zegian. Duriqg 
fidirication of the iiision blocl^ tiie I9per btedc 500 is inserted and bonded int^ 
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nifll groove of the lower block 550, the lop portion 502 h ground QfTaod a V**groove 
504 bgrooiid along ^longitudUial axis ofthe upper Mode 5 The two portions 
515 and 517 shown m dotted outline aie aQ thai remains after the top is ground o£ 
The gap 520 between the two pcutions 515 and 517 forms an are cavity. 
S BefbriiigtoFig<Sb,atopvicwoftfae&^onb]odcofF)g.5a the 

copper on fbe bade airfiice forming the contact pad 563 provides a large arca&n 
ootttactbis with E suitable vdtagewpply or sound. The plated through hole 561 
adjacent each end provides a oonductintg path fiom the lower comaa pad 563 layer 
through the substrate to fhe dectrode biyer. 

10 By using slabs of material that have substantially planar suffices, arrays of 

blocks can be &bricated out of landnates of non-conducting substrate and copducting 
copper track material. Such an array is shown in Fig, 5c. From fhe four (4) inch by 
four (4) inch substrate shown, 12x31 blocks can be fiibricated by cutting fhe 
substrate accordinglly, hixo rows and G6hunn& 

X5 Fig SdiaadiagramofablocksinnlartotheonesliflwnanFig, 5a,how€ver, 

4icblodcofFig. 5d is Absent a covering suffhce. The block 570 also resembles fte 
one depicted in Fig. 2a but tnchides plated barrels liniz^ through holes that rnake 
contact with large conducting contact pads on the bottom of the block (not shown). 
Refaiiag now, to Fig 6. an akemate embodiment is inustratei^ con^sed of 

20 a slab or block ofahmmu 600, sinniar to the block 2M Electrodes 
645 aro cut out ofa sheet ofcopper and formed over the bkick. The electrodes each 
indude a tip 656, a side portion and a contact suiftce £63 far oontactiqg a vialtBge 
source. A oeraimc top 665 is provided having a cavity dot and a vi 
The openiiig defined between the electrode tips 656 can be covered by a glass cover 

2 5 670 that fits over the ceramic top 665. In aU of the embodiments heretofore desttibed 
in accordance with this invention, it is pre&fable, but not essential, that the copper 
electrode layn- be <SreGtIy physically bonded to at least one layer of ceramic substrate 
material to enhance heat trans&r. Ilefemng now to Fig. 7a, a copper electrode ti^ 756 
is shown surrounded by epoT^ 758 sandwiched between an upper and alower ceramic 

30 layer 760 and 762. Although this embodiment is iUncttonal, a large amount of epo^cy 
is burned up or otherwise destroyed x^en the copper electrode tip reaches a high 
temperature Ihniting the heat transfer. In the preferred embodiment of Fig, 7b, die 
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dcctrode tq) 756 is shown physic^Siy bonded to a Icwcr heal ^jsripfftitig layer 7fi2 of 
ceramic by way of heing dectiopiated and fired far aptimm adlie^. 

Tunii&gnovrtoFigs^ 8a and Sb, two dternate dectrode SSf co^ifigurati 
shown. In wboftfafiae%u«s, the corner of the dect^ 
B When a amtvble vohage is appGed, the air across the gap ioiuzes aiid an arc 

858 occurs across the tipsw The voltage necessaxy to initiate and inaintam the arc^ 
depends on Ifae gap width amdz^ other physical &ctois. 

Of course^ numerous other embodiments may be envisaged without departing 
from tfie qnrit and scope of the invention. For examjile^ any of the embodiments 
1 0 shown in Figs. 4, 5. 6, and 8, oould also be manu&ctured ivitfaout a top sheet above 
the dectrodes. Aswell, the blodcs^ shown couU also be manufactured 
more alignment grooves to accommcdate a plurality of optical fibers, &r example to 
accommodate ribbon fiber fiisicm applications. Although in most of the embodiments 
shown, the electrode cross section is rectangular, square or circular cross sections or 
15 othera can also be used. The fiisionblodcs shown in lineal Mode sh^ 
however, within the SGcq)e of this inmntioi) the dcGi^^ 
fi:>nnsor dements hsnnng one or more substantial^ planar sides. 

By overiaving elongate decaiode nrnterial cmer a ttm ufirtwAwitig fl^frgtraff^ a 
cosEvedent, Inexpen^ eonsumable fiision blodc is pfovided. 
20 The hinrentkm has been described with i«&rakce to 

eoibocSmems. Obviously modifi cations and alterations vdD occur to othets igxai the 
readiog and understanding of this specification. Uisourintentioittoindudeallsudi 
modifi c ati o ns and dterationshisote as thgyMwitlm the scc^ 
daims or the eqoivBlenta thereo£ 

25 
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Having this described the invent 

1. A foaon dement for fiisiog optical fibers resting aloqg apaasliiie thenoo, 
coiaprising: 

a Don-condueting substrate; and, 

a pair of electrodes^ each electrode having an electrode tip end and having m 
other end foe contacting a voltage source, a portion of each electrode overlying a 
sur&ce of the non-conductiz^ substrate^ and spaced apart and separated fiom each 
other by the passline^ ^thateacfadectrodedpendisuljaixntthepassliQe, the 
electrode tips defining an arc msion therebetween. 

2. The fiision tiem&ct for fiising optical fibers according to claim 1, wherein the 
sur&ce of the non-conducting substrate is substantia planar. 

3. The fiision dement £>rfiisii|g optical fibers according to claim 2, wherein a 
15 portion of eadi of the pair of dectrodes overlying the siu&ce of the non*^^ 

substrate is bonded to the substrate. 

4. The fiision dement &it fii^g opticd fibers according to daim 3, wfaerdn the 
pair of dectrodes are a one of printed, sJued, and plated on the substrata 

20 

5. The fusion ebnentforfiisiiig optical fibers aocordiis to dahn 3, fiirdier 
conqmdng a layer of non-condncimg materia 

electrodes bonded to the zion^onducting substrate. 

25 6. The fiision dement for fiiring opticnl fihgra ttctttsttfht^ c^dm 2, wiii>«Nft »hy 
electrode tip end of eadi of said pair of dectrodes has a smaller cross aectiaai than the 
other end of each said pair dTdectrodes £br contacdng fl>e vohage source^ fhe pair of 
electrode tip ends defining an arc gap fi>r creating a plasma arcatthegapforfiisiqg 
the optical fibers in the presence of a voltage across the pair of electrodes sufficient 

30 for fiision. 

7. The fiision dement Sbt fiistng opticd fibers according to daim 2 induding an 
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electrical conducting IMtth coDHocting the electnxle tip end of each of said pair of 
electrodes with the other end of each of said pair of electrodes^ $aid oiher md of each 
of said pair of electrodes fonniz^ an electrical oootact pad. 

5 B. The fusion dentenc for filling optical fibers accoidiiig to 

dcdrical conductix^g path comprises a conductive linmg ontheinterior walk of an 
openi&g m the non-conducting substrate, the conductive lining intezconnecti&g the 
electrode tip portion of each of said pair of electrodes with the contact pad via the 
conducting path. 

10 

9. The fiimm dement &t fii$ing optical fibers according to claim 9 &rther 
comprisii^ a cover for at least partiaUy enclosii^ the fusion 

10. The&sioii dement fiurfiiang optical fiber$«ccordn|g to dsom 9, whemn^ 
15 cover or CTicloring the fjjsiM! arc region istraiisparcnt so that the fiber ends placed 

whUn the gap are viewable. 

11. The fusioii dement fiarfluiivopticd fibers aceor^^ 

substrate indudes at least one groove &r aligning and guidn^ the fibers aloqg said 
20 pasdine. 

12. A fii^on element compri^ a non-conducting subslxate including: 

at least two outer portions of conducting material for making contact with an 
operative^ assodated cxtemd voltage source, and 
25 at least two planar conducting etectrodesoveriayiiQ a layer of 

aaid at least two planar conductmg electrodes bdng dectrieally isolated from each 
other and each dectrodebeinig electrically connected to a one of the outer portions. 

13. The fusion dement according to claim 12 fiirthercomprisi^ 
30 ineans defining through holes in the non-conductmg substrate; 

at least two plated conducting barrels lining the inside surface of said through 
holes each plated barrddectrkanyioterconnectiitg a one ofthedectrodes with 

10 
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one of the outer coated poitions. 

14. The &stoii element according to daim 13, fiirther comprising aa upper layer 
of noiv-conducting material covering the at least two planar conducting electrodes, 

5 the upper kyer of non-conducting material bwig bonded to the non-conducting 

fifyhs'il HICli 

15. A method of fabricat^g a consumable fusion block &r use in fiisioa splicing 
of qpticalfibres^compriaiQ die steps of: 

10 providing a block of non-conducting material that has a substantially flat 

awftce; 

overiajnng a conducting layer onto the substantial^ flat aui&ce, saU 
conducting laofcr covering at least a pan of the flat sur^^ 

cmiiiig througb the conduiniiig layer to sever it into ax le^ 
15 fiirthfif QittiT^ mtn th^. ffubstfltiTiallly flat flirftrf to dgfine a fimovc tfacrrin for 
receiving optical fibers to be fiised. 

16. The method of&bric«tii]g a fiwon block according to dam 

step of cutting into the substantiaDy flat sur&ce to define said gtoove bdudes cutfiQg 
20 through the conducting layer therd>y definiiig electrode tips at severed ends of the 
oonductinglqw on either side of the groovei 
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FIG. 5a 
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